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Abstract. We propose a geon~orphic basis fot- defining riparia11 areas using the tertn: riparian 
ecotone, disctrss how past definitions fall short, and i l l~~strate how a linked sequence of definition, 
delineation, and riparian salnpling are used to accrirately assess riparian resources on the ground. 
Our riparian ecotone is based on the width of the valley (its floodprone al-ea width) plus 30 meters 
on each side to enconlpass the iinpoi-tant adjacent I-iparian functions, rtncl 15 nreters around obviok~s 
I;rnclslides. ,4 fi~rrctioilally conhistent I-ipal-iait definition itnd delinea~ion does not derive fi-olir lard 
~ci,jaccni to a stl-ealn. I-atlier i t  tlerives SI-OII~ the valley thc strz;rln r~lrrs 1h1-ougl~. 

Keywords: floodpronr xea ,  geoniorpliology, 1.iparirr11 corridors, triparia11 txcosystenrs, riparian I-e- 
S ~ I I I - C C ~ ,  stl-earns, streainside ma!lagetrtent 21-e;i, stre;l~nsirie manapelnent zone. riparim area. valleys 

We propose npvrtan ecotone d e l ~ n e ~ ~ t ~ o n  based on the geor-norphology of- the stream 
,mi ~ t \  valley It rncludes the w~dth of the valleyjootlprorlr a r m  plus 30 meters on 
each s ~ d e  of the valley to encompass the irnporlant adjacent nparian funct~o~is  
7'111s Itputan ecotone contalns all aqiiatlc (ch,~nnel), flooctp~one (flood drspe~sal of 
\edtinent, plants. anti animal\) n~lci many i~plai~d tiinct~ons (slump\, sl~ties, whsur- 
tdce watel drld 11~ i t i  lent fl OW) ttlat  lite el act strongly wit11 the hdter clu~~rig dver,ige, 
Imnkfitll, arld ljooci Aow cond~tto~is 

r 1 he conlempo~-aty concept ot tlpaltaii cannot lully c l e~~ve  t ~ o m  ~ t \  Cheeh toot, 
' I ~ l e  or1 rtrc h,lr,k', 1101 a n  ~t fully t l c ~ ~ v ~ ,  t~orn  ~ t \  1rp;ll beg~nn~ng\  when (;eitn,tilr~ 
t1117t'\ gr'rtttecl I,intiownc~\Iirp t o  ~~ictril?eti   long cetit~,il I-:litope,~n 11ve15 (t~p,irinn 
11g1it\) ( W h ~ t ~ i ~ y ,  1004) N e ~ t h e ~  c'in ~t pe~\ i \ t  oil the Arne~tc'ln legal concept\ 
ot r~p.~r~"ti light\ ,ici,rptcd t~oru llng11\li common 1,1w (\late law g1:inttilg w'iter- 
,tcljacerit l,irldo\~ncri tht. itgilt to (i\c w'ttc~ f ~ o ~ n  \tre,riii\ dtiil Idkc\. 1101 011 tile 
\,titoris ,Iltcrnpti ol Fetlci,rl ,igcncrei In the 1,rttei p,iit ol the 20th cc~i t~ i t>  t o  tie 

r I l l ' i t  1'111 to \I ctl'ltlci 
l i~\tor rc,tlly the tet 111 i rl~.ir i ' r ~ i  .rlc,t Ila\ profoundly tlrtfcre~lt tne;intng\ deljenclrng 

on occupatrolr, ngelicv (tie, 'ittd ~e\e , r tc l~ cli\cipl~ne R,~iicher\ 111 tho selnl-,ir~d Wc\t 
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consicter riparian eclual to only moist grass or shrublaricl near channels and exclircle 
botli wetland and ctry land next to channels. This view is prornoted by the US111 
F&WS mil R1,M in the semi-arid West but rejected by the same agencies in h~~rrtitl 
Alriskn or by the USDA FS in the humid East and humid West. F2oresters in the 
t~uniicf East consider riparian areas as all land adjacent to the water-. Researchers 
strltlying riparian functions are neasly universal in relating values to distance frorri 
the water's edge. This approach ignores differences in v-shaped versus floodplain 
valleys. has historically en~phasized land influences on the l-ivel- and only rccently 
I-iver influencc,~ on the land (e.g., floodwater redistr-ibution of large woody debris) 
arid ignol-es large resoui-ce estimation erl-ors associated with siiltlous streams. 

A comprehensive definition of riparian must derive from our understancting of 
stream and valley geornorphologp and the plant anci animal associatio~ls that re- 
spond to the valley environment whether- they derive from the water or the land. 'The 
concept of riparian must tie definition, delineation, and resource data aggregation 
together into a logical sequence. In riverine systems we believe riparian is a concept 
tied to the valley the stream runs through rather than a concept tied to the side of a 
stream. Norman Maclean ( 1  976) was right: 'Evenruallq: all things merge into one, 
nrlct rr river nuls through it '. 

2. Gaining Rigor by Linking the Definition-Delineation-Population 
Estimation Sequence 

Riparian definitions are conceptual and fi~zzy. Definitions are easy to write es- 
pecially if you don't have to point thern out on the ground, in a wide variety of 
landscapes. TIiere is the prornise of rigor if we think in the context of a conceptual 
and on-the-ground continuum of definition-delineation-resource estimation. 

Riparian delineation (aerial mapping or on-the-ground sample plot delineation) 
typically draws lines or estirnatcs areas based on arbitrary, socially-derived, width 
criteria. These are associated with BMP (best management practice), RMZ (ri- 
l);+rian tnanagelnent  one), or SMZ (streairiside nianagement zone) widths, or with 
other conceptual boundaries ( cg . ,  floodplain, hillslope, and vegetation type). In the 
conceptual riparian continuum, delineation lnoves from concepts without testable 
rigor t o  on-the-ground jrrclgmertt calls with measurable errors. 

On-the-groi~ncl J~~dginent  calls include location of  the water body edge. tlie 
f l~o i lp l a i~~  edge, or the vegetation type edge and varies with the experience of the 
individual. Similarly. GlS data layers (e.g., 100 m or 30 n? DEMs (digital elev- 
~rtio~r rnodels) n11c1 Landsat over-lftys incorporatth 'cletection 111nit' errol-s that fuzz 
bounclaries. Air photo interpretation is more precise than GIS data layer rendition 
where spectrill signattucs are distinct ancl sharp boundar-ies show, but indecisive 
where they itre not. Even with specific protocol guides these juclgnient calls vlti-y, 
hut ar-e, in a practical sense, much better ttian conceptnal definitions alone. In  all 



c,l\ei, trelci exper ie i~c~ ~ C I  groi~ri~l truth ~ i ie~ i \~r re i i~e~i t i  tighter1 the ,ipplicrttron of 
I I I I ~ I I  ian clel111eatioir 

Pop~11,rtiori eitirrldtron rnvokc\ \t i11 n gte'iter I e~e l  of rrgol 111 the clefrnitron- 
i!eiriie,ttron pop~~ldtiori c\limdtloli ~ o i ~ t r n ~ r n i ~ l  Howe\i>r, t l r r <  step cnn erthcr i r l i  

plovc oi woI\er? the f~n ,~ l  c\tirti,ite of \titte vltr~nbles w ~ t i  '15 hect,iie\ pel cotirity 
oi I~ec t , ~ r  es per ~ e g i o i ~ ~ t l  plot 

, 4 1 1  photo polygor~ rirap\ (e  g , the USDI F&WS npartan-wetlai~d inaps, Dnll 
c r  ( 1 1 .  1clO8) are di ie~t ly ,i~cttril~~lnted to il county, fotest, 0 1  \tare level without 
, ~ny  rrroi beyond tlie o~ ig i r i~~ l  deltrieatron on 'I plioto On tlre other Ii,irid, eiiolc i n  

oi I ~ I I I ' I ~  dellneation are ca~rted on to the accu~niilated data Ovei trine, changes in 
tlie r~p.ur~i-\~~etlclnd base (e g , coiivervon of wrllow srtes to agr~cultural lalid oi 
\r\e VC'I\'I) VVII I  eiigeii~ier bidi i i i  tre~id ir~tetp~et;it~oii hecause only natui<~l begeta- 
t~oil I \  ~vnildelecf iipanan, wh~ le  6~nthropogenrc vegctatrotl 1s not, even when the 
ILVO vegetation types occupy the same topographrc featu~e Add~t~on'llly, erlors of 
otnr5sron occur where signrficant lengths ot streamsrde arc left with nelther a moist 
111?arian diea nor a wetland because they occu~ on terrace5 or steep slopes and are 
not wet enough to map as ~lpai-ian-wetland 

Stseain lengtli (in GIS hydiogmphy 1'1yers) I \  often inultrplred by RMZ, BMP, 
oi SMZ wrdrl~ to e$tirnate 11pa1-inn alec% (e 8 ,  Hanowski, rf (11.  2002) how eve^, 
this nlethod routinely yields eriois of 10%) to 150% above actual resources on (he 
ground 'Tlie source of erior 15 the faulty ascunlptlon that land bordering a cbeam 
occrii\ in a i ectangiilai piojecrlon perpendi~ul~~r to the stlearli edge. 

For exarnple consrder a conceptual pair 30-111 square s,tmple plots on elther 
\tde of 'I stlearn channel If the stream channel tc \trri~ght, the miiltipiicatioti of 
hectdres in these plots times (tie number of 30-rn plot4 occulllng on both sides of 
the channel is niathe~nat~cally Loriect However, 11 the stre'lrn channel nieandeis, 
s u ~ h  that acijacent plot aicai overlap encll ottlel (like the ove11;ipprng segments of 
'in dirport bagghge belt), the nlathernatrcal nriswei IS 111 er r o ~  propottional to stream 
slniioilty Stream X I I ~ L I O S I ~ ~  1s a measuie of channel curvature, i t  rs the channel 
lengtli divided by str,~rght-lirie valley length Over long drstance\. the straight-line 
tlisr'i~i~e may 'dog-leg' with tlie v'tlley 

'I he er I oi I \  not only the 1i1att1eiii,rrtc,tl ello1 ot plot\ o b c ~  lnpping (01 \ep'jl.tt~ng), 
i t  I \  an eriol In concept fillling to iccognue irp~uran is a function of the stred~il'c 
vLllley ~,itliei than tlie stie,nn 'ilone 

Ctic,trn \ir~uoiity typic,~ll) L,II re\ t~o in  I I lo 2 5 liencr ~jo\\ihle ie\ouice over 
c.\tiiit,rtc\ ot lo'/( to I i O ( (  Wlictht5r thr\ crioi I \  re,ili/eci tic.l,rrltl\ oil tlie ic,tlc oi 
l ~ \ c  II I . I~) \  'tnd tlie t!et,trl of \tici,itit delii~c'rtioii c,tpttrleci 111 the in'ip ot (;IS Ii)dio 
I,iyei Tlie \tie,tni lchrigth trntes hutlei wrcitlt ~eclinrclue c'in he Lldlrrsted i f  hyd~o  l ~ q e i  
~ i n u o \ i t ~  ,lnii titie \rntio\rty .ire hot11 kriown O n  ,t\eiage, '~ctual \lnuo\rty eiioii 
111,iy be 111 tlic 20 to JO1( i;tnge hei,~ti\c 111'1rry \tie,trt~s li't\e, in t x t ,  \ti.~rgliteneii 
r i r  the I,l\t ieirtlir\ In re\poii\r to I,trlci u\c ~11~11lge ,~nd/oi tlieclgrng plolect\ (Veiry 
O .  I I I'itie \ir~uo\ity I \  ~ i i e ~ ~ i u i e d  on the giorriitl anti on C ~ I I  pllotoj t i  [lie 



Natural sheam corr~dor Width However, the length of str 
by mukrplying stream length by corndor width exagerate 
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a t 30% Increase in land area and number of trees 

Fi'gurt. I. Srream cor-ridof- or riparian width should be baseti on v:rlIey length instcad of stream Ie~lgth. 
If the valley length in the left diagram is I k~st matl-rematically i~ beconles 2.3 knt when stream 
length (3.3 kin in the left diagrarnl is t~lultipliecl by  a streamside width to esti~nate urea. A 130%: 
over-estin~ate of rip;!rian area! 

entire stream can be seen. Measiu-enlents from maps will always under estimate 
siiluosiry rinless the {.nap river is double lined. 

Sinuosity errors (Figure I )  plead fhl. a fundamental change in lneasuring and 
infrr-preting riparian resori~-ces. The riparian plot is a sample of the streant valley 
not land next to the stream! The stream is ail aquatic subunit of tlie stream valley. 

Mapping polygons on air photos does not have 3 sinrtosity error (USDI F&WS 
li~ethod for the semi-arid West). how eve^; either an inability to see riparian land 
in densely wooded hun~id regions or ornission of 'non- (wetland-wetter riparian)' 
(Dall pi ( I / . ,  1998) areas can skew estitnates of frlnclional riparian area. 

Reconciliatiol~ of previous defir~i~ions c,f riparian, p~,evious delitlcation of ri- 
parian, 2nd previolls populatioll estimates of riparian resources Inrist address all 
three needs as one systi.111. 

3. A C'ctllul-y of' Riparian Corlcepts a ~ ~ t l  Definitions 

I'rev~ous I I ~ L I I  t;tn del~i~rtron< :t~xl rni~pjxr~g p~otocol\ J,i~gcIy bt.gil> 1% ~ t h  t cgcr,it~on 
conlmunliy ~ n c i  tlwn trtvol\c red. but \ague. toile of ~nflucr~ce t ~ i i l ~ t ~ o n s  (e g . slrnd- 
Ing. llttel f ; ~ l l .  l i i r ~ ~  wood! tfehll\, I,lnd\Ilde\ , ~ n d  coil ~ i ~ o r \ r ~ o e  corrtlrtrons) tn tile 

fotnt ot conccp~u,rl cirscr ~jttrot~r i atller tildrl on-thc-grountl cl ~te! la l ~ c - ~ ~ t e t l  i r r  rhe 
f~e ld  
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1;tl)le 1 >I Io \Y\  tic~i(i\ 111 I I ~ , I I I ~ ~ I I  (01 ~tet l~~t ict  defttirt~on) 111 tlic I<t \ [  tlircc ~lccdcIc\ 
Tluee dec,ldi.\ ot I t l>rL11' i t l  c i e l ~ ~ i r t i ~ i ~ \  
I'lic dciliittic1115 ti1 Idhlr. I ~ont,irti [lie moid4 I ipdr ~ d t i  ,tle,t, irp'fi~dr~ /(IIIC. I I 

1 . ~ 1  I t"\a 'v" I ~j>'it 1.~11 ,Y\ ICII I  I t j ~ t  r ~ i ~ r  e~o \y \ t em ,t~icl I tp~ir Int i  cot I ttlor i-nch 
,~tittiot unde~stooct cuclctly wli;tt they rrle;lnt, frowc\et, the iarne wotdi ( e  g , rll>dlIdn 
,ire,t) rrre~tn vel} clitfeient things to people ~icioss the countrq 

For example, the 17SUI FKLW'; \y\tem maps exposed point ha15 (side l)dr$, 01 

r r r r c i  ch,innel  ha^\) '15 ~ e t l a n d  They t i i ~ ~ p  onc polygon tor ',I \ol?rctlnte\ i~r lde~ w,ltcr' 
~ze t l~~r ld  on the I I O I ~ I I  1x11 dird '~notlle~ polygon for the water polt~ori ot the ch'xnnel 
,it the trme of the photo 'Together tliey ale mapped as wetlalid bec,luse the NWI 
clas\rf~cdtion ot wetland\ ~nclucfe\ open w,xter ns much 2 111 deep below the 
low w,ltc.r mark (Frgu~c 2 )  rhece ciel~neated polygon? (dark gt'iy III  F:rgute 2) are 
euplrcitly excluded fiom the term I ipnr Ian area 

In contrast the medrum gray polygons In Figure 2 (also labeled R2U7') in the 
sketch portron) are called rtparrari areas because they are 'not as wet as wetlands', 
but 'wetter than adjacent upland' Furtherniore, sorile streamsrde areas (white r t i  

Frgure 2 (top) and labeled PEM?')) are mapped as upland 
All of the nparran definrtrons 111 Table I except the USDI F&WS defi~lrtron (Ilall 

c.r ( 1 1 ,  1908) cons~der alI streamsrde land a5 a rrparrari area Hence there IS a rrit 
srnong federal agenctes and vai-IOU\ acadernrc discrplrnej Most In the humid East 
(:inti liurnici West) would cltll all channel-adjacent larld a llpailari at-ea, while most 
In the semt-and West would ~nclirde only land wetter than upland, but not wetli~nrl, 
In the term rrpallan area and explrcrtly exclude d ~ y  I'tnd adjacent to channel\ 111 the 
sernr-aird ranchrng worlcl, the telin riparrari area means sornethtng erit~rely tilfterent 
than s ~ p a ~ r a i ~ a e a  In the Ilun~id fo~e\try world 

The US131 FKrWS \ystem IS an ex'imple of basing classtficatrori on vegetatron 
nnd acceptrng changes 111 polygoii Area ovei trrlie when the vegetation cliar~ge\ 
Trend5 111 land amounts are rrrevrtably comproni~sed as the land bdce contrn~rally 
changes 

'The lJSD1 F&WS mapping protocol does well In samplrng vegetatton underwa- 
tel ,it h~nkiull  flow. ,I robust ernergent vegetiittoii dt avelage ,mct low water flow\ 
Sometlirng very rmpoltnnt to gl,t/rng 'tnimals, of vrrtunlly rro rnterest to fore\tty, 
yet cr~ttc,~l to ecologic,tl and geoii~orpliic pioce\ses In-~harinel begetcitron below 
the bnnhtnll elev'ltron rirclr~des t~t-e\, \hrt~bs <ind Iierbaccous lrfe torr-n\ - In cn\terri 
01 wc\ietrt Inndicnpe\ 

Vegct,itron 111 the iIl,trrrtel I \  c r ~ ~ t ~ n l  to ii\Ii ,  iilollu\h, , u ~ l  (he ,t~rtt~clr\ (b~tctcr~,tl 
,incj ,~lg,il \lr~ne\ ~ o , i t ~ n g  vegi%l,itloii) 1 tie veger'itron .ind tlrc \etititrenl cleposrtron 
i t  f o\ter s per torn1 ,111 I I I I ~ ~ ~  r ' t tr t  pliyjic~if func~iorr 111 the concept of I t~-t,~ri,tn (<tn 

Inte1,tctlon 0 1  c,~rth  rid w;ltt.r totmr~ig tile ch'innel) ;tnd they ~ i ie  i-r~trcnl 5rte5 tor 
\cget<itlori p r o p , i ~ , ~ t ~ o ~ i  ; I ~ O I I C '  tliv I ip,i11d11 co~irtlor 1 lie C I I I  [?hoto tirtxtliod of the 
IJSDI t:&MrS c ~ c ~ o i ~ n l \  101 I I I C \ C  j in~II  ~ I I I I I ~  ( ~ O L L I I  io 0 4 Ird cr~rd ~inallei r f  v ~ c ~ , ~ b l c  
or1 <I photo 
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Hunter, 
1990 

rTlrerr. ti.;~c~ing o f  veget;~littr~ tltcory $11-engthctis the gcuittoi-l)li~~ tenet\ 01' 

\e$?ft;ttiori lli!t>itrtt ;inti ~rclapt;ttic)it 01 vegelation lo inoistnt-c regimes 
c~l!;criclcrcd hy geomoi.pholo~y. 'They docunienl strong relatiortships betwcrli 
gcon~orphology and vegetatiorl citing .!;ilbert's ( 1909) dttal tlorn;tin\ of 
cro\ioii: the cloln;iin ol' \tream sct~lpt~il.c causing conc;tve Itillslopcs artd 
tile 11nrn;iin OF \oil creep c;i~rsing coriver. Itillslopes. Frrrthc~-. they 
\tyl;ts:tk~cl the I O l < ~ h t ~  111 111:>t ol-~lcl. \l-\ll;lpecl !,tre:it11 vallrys I l O l t l  l't11.e5t\ 
i i t  l~iglier or-(It-1- \trc;ltn valley5 c~otitaining flooclplaiti lurests. 

C I .  .issi . '1. ii,ltioti .. ' of' wetlands and dccp~vater habitats in the United States. 
'I'hc worcl I-ipariarr is never used i l l  this ief'l-ence, yet i t  for~ns the basis 
t'ol- subseqtient F&WS and some BLM riparian mapping protocols. 

Used ihe words 'ripar-ian system' and pointed out the deticiency of many 
riparian classifications based primarily on vegetation and a q ~ t e d  for the 
inclusion of hydrologic and geoniorphic process descriptions to provide tile 
funda~nental ~iitdel-pinning of riparian systerns. These authors with BLM, 
CISFS, and White Horse Associates in Idaho and Utah included Rood 
frequency occur-rence (5 to 50 yertrs). Itillslopes occurrinp within ari 
elevation 3 tn above the rnaxitnt~~n channel depth (at a riffle), rrnd 
hill-slope el-osion and Inass wasting as very significant influences on the 
Soilnation and character of substrate for ripnri;tn vegetation. 

Considered the attributes necessary for riparian health without explicitly 
cielining riparian. 'They incltlded clinnnels with efficient shapes. stl-e;lrn powel- 

less than critical levels, channels wit11 relatively narrow width/tiepth ratios, 
chanrtels connected to their floodplains in well-developecl ~iieandering systems, 
anti with constant log steps in confined channels. 

itddrcssed the issue of scale. The ripariart zone, at the smallest scale, is the 
imrnetiiate water's edge. wlicn sonle aquatic plants and animals for111 a distinct 
corninunity. At the next scale, the I-ipariari zone includes those areas 
perioclically inundated by high wnlrr. At [lie lar-gest scale (and in l'orested 
rcgiorts). the I-ipal-inn zone is 'the bar10 of forest thal has a signific,lrtt 
inlluence or  cwnver-scly i s  signific;tntly infl~tenced by the s t r a m .  

I?i~;irian :u-c3:rh at-c c~.ohy\tents tlr:it vcct11- ;ilortg \vatereour-sc\ and walcr b o d i ~ ~ s  
, , 1 hey ;]re tlistiltctly tiifSri.ciit fro111 thc \ui-~-otiiicIiitg lancis l)ccc~krse of ur~iclue 
soil ;tncl vegctatioti ch;~r;tcteiistics that 31-e s t ron~ly  influencccl by Il.t5e or 
tiiil)ou~id water in tlte soil. Ripal-ia~r ccosystcrns occupy the tsalrsirion;rl arca 
her\vccn the tcrrestri~tl rtntl aquatic ecosysteuts. Typical i~xrr111ples incltlde 
lloodpl;ii~rs, \t~-c;rt-ir Ihatihh. ant1 I;rkt,\hore\. 
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elev:ttcct \vatel- tables or Ifoocling niay infliietrcc vegetation and the ability 
of tlic soils to hold watrl-. 

. . . veget~itcd ecosyslelirs along a w;tler hody tlir-ougli which ener-gy, matel-ials 
;tnci water pass; cliar-~rcterize t-ij)a~-iirn areas as havirrg a high watet- table. 
subject to periodic flooding arid encompassing wetlands. 

l i ip;~ian reset-ves itre poi-lions of w;rtersheds wl~ere 1.ipariart-dependtttit 
resotrrcrs receive prirnat-y ernplusis arid where spcciirl standards and guiclelines 
apply to attain Aquatic Conserv;ttioli Strategy ol~jectives. Riparian Rescrvcs 
include those por~ions of a waterslled required for iriaiiitaiiiing hydrologic. 
geori101-phic, anci ccologic processes tliat ciirectly al'fect strttidirig 2nd Howiug 
water bodies such as lakes and ponds, wetlands, ancl stl-ealns. 

Rip:triaii 31-eas iirc.11rtlr {lie iiilcrnric. cc~os\~.sren~. (Ire 1-ipari~rn ecosystem ;incf 

wetlantls. While this broadly defined I-ipar-ian areas, i t  also defined 
'riparian ecosystem' as restricted to those areas with soil 

ell. ,r~,~~terisLics .. . or distinctive vegetation tliat recluires free or i~nbound water. 

. . . lartcl, inclt~sive of I~ydrophytes, artd/ol- witti soil that is saturated by 
grotrnd\\;atel- lor ;kt least 11o1.t of tltc gnwing se;tsorl witlrirl tlre I-ooting tieptl) 
01' pt>t~~nti;tl tiative vcget;iti<~~i. 

Entior\c tlic ecologicrrl concr.pt f o ~  tlclirii~rg ripat-i;irr 211-?a\ hec:tkrse iloing so 
rei.oglir/.c\ thc i~iilpot-~;~nc.i. of Iluv1~11 ~~ i - t , cc s \ c  i i r  11;rpilig tlrc cli;rl-;~ztct- of lhi. 
('I j ~ l t ~ i i t ~ ~  / o I ~ < ~  

lii~.li~clcs the i~qiiatic ecoaysceln . i i ~ i l  th;rt potriori ol tlic tef-r-~.\tt-~nl tYcouy\li.iii. 
he~yonil thc i~iilrrc-~tc~~ oi i.li:v:rit~~l uatci- table\ that lia\ a fi~nctioti;rl coiitiect~oti 
I0 111e w;il~>l 
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Rip;iri;ur at-c:t\ ;lie plat~( ~ .oni~~i i~i r i t ics  contigrtous to arid iiffectcd hy iusface 
;~trci s~~hs~irfac'  Itydr-ologii, feitt~il-ci of perennial or ititel-mittent Iotic and 
I~n t i c  water I,oilie\ (sivcr-s, stre:~itis. lakes, or drainirge witys). Kipat-ian a]-eas 
li;l\;r one or hoth 01'the k)ilo\vittg chal-acteristics: ( I )  cfistinctly different 
\t~:set;~tive specie than adj:tcei?t 21-cas, ;rriti ( 2 )  species s~~nil:u. to acljacent 
21-c;ts hut exirihrting inore vipot-oils 01- roh~i?-t growtlt fl;)r~ii~. K i l x ~ s i ; ~ ~ ~  31-eas ~ S C  

rls~l:~lly tl-ansition;tl between wetland and tlplanci. 

Riparian at-e;ls ;II-e cornposed of aqci;ttic 'c.osystenls, rip;ir-i~tn ccosysieriis and 
wetlands. 'I'hey h:~vc thi-ee ciititerisions: longitudinal extending L I ~  ~ind clown 
streams anti along the shores; lateral to the estirnated boundary of land with 
direct land-water intet-actions; and vertical from below the water table to 
above the canopy of Inatlire site-potential trees. 

Riparian areas lack the a~nount or duration of water ~isually present in 
wetlands, yet 31-e 'wetter' titan adjacent upland. 

Riparian areas are three-din~ensional ecotones of interaction that include 
terrestrial and aquatic ecosystems thi~t extend down into the groundwater, up 

above the canopy. ou~ward across the flooclplain, up the near-slopes that drain 
to the watet-. laterally into the tel-restrial ecosystcnr. and  long the water 
course at a vi~riable width. 

Riparian areas ;ire geographically delineated areas, with distinctive I-esource 
values and characteristics that are compr-ised of the aquatic and riparian 
ecosystems. T'liey give special attention to the area within a horizontal 
distance of 30 ni fi-on1 the edge of perennial strearns or other water bodies. 
A riparian ecosystem is a transition between tile aquatic ecosystenl and the 
acljacent tert-estrial ecosystem; identified by soil characteristics or 
tlistinctivr begetation contntiinitics that I-ccluirc ii-ce and rtnho\~ncl wntcr-. 
(Revision of IOC14.) 

Kipaisiarl areas 21-e tl-a~tsitionnl hctwCen terl-estrial and :iquatic ecosystems 
;it111 ;ilc dis~ingrii~lrrtl by $radic.tit\ i n  l~~ctl)liy\ical co~riiltioiis, cco1ogic:tI 
ps i~cwxs,  ilnd biota. 'I'ltey ;Ire arcits through \vltich str1t':tcc ;tilcl suhsctrf~tcc 
hydrology connect water hociies with thcis nqjacent uplancls. l'lrcy include those 
portions of ter-I-estl-ial eco\ystenls that significantly iiiflrterrce exclranges of 
e~icl-gy and nr;rtte~- with nq~~:ltic ecosystrms (i.e., ;I zone ol' tntlucnce). 
f<ip:11-1:>11 L I I - C ~ S   ti-^, ;~(i.j;~i,~iit to p < z ~ - c ~ ~ ~ ~ i i ~ l ,  i ~ i t e r ~ r ~ i ~ t r ~ t l ,  ; I I I ( ~  ~ ~ ~ ~ I I C I I I ~ ~ ~ - ; I I  \ t t - t , : i~ r~< ,  

lake\. and csttiirrii-ir-tn;ii-i~~~ shorclincs. 





'I'ne \vo~-ti .mite also has niultiple meanings. In forestry i t  is i~ssociatecf with a 
zone wllzi-e HMPs are applied, in  county regulations (~7,oning) i t  is associated with 
building t,xclt~sion or land [I-eatnlents i n  a zone next to water. 111 EPAs Coastal Zone 
Mnnagc.tnei~t Act i t  is associated with land near- oce:uis or large lakes. 

4. Building a New Riparian Definition and Delineation 

In 2000, the Forest Health Managernent (FtiM) (IISFS) began a process to test a 
ripar-ian plot protocol for possible inclusion into the national FIA survey system 
cal-ried out in all states. From the beginning, i t  sought to incorporate EPA EMAP 
sampling principles (hexagon plot division for the Earth and accumtilation of 
data) and USGS-NAWQA (National Water Qi~ality Assessment) streani monitoring 
sites, including a pilot test in watersheds of the Delaware Basin in 2001. FHM's 
goal is development of a nationally standardized resource monitoring system ro 
investigate the status and trend (changed condition) of riparian systems, through 
repeated nleasurernents over time. 

Let 11s begin with Ilhardt et al.'s (2000) definition (Table I) arid explore field- 
testing, and field reviews tested fol- a national plot-based assessment system. Their 
definition is an attempt to include the biotic response (vegetation, animal, and nu- 
trient) and cause (geonlorljhic anct hydrologic drivers) for the important functions 
in riparian areas. As a definition, it is conceptual and fuzzy but evokes conflict in 
two aspects. First, i t  includes part of the iiplanci above the floodplain in a strong 
fitnctional way. Second, it uses the words riparian and area together, a sequence 
viewed differently in the semi-arid West from sevel-a1 views in the humid East or 
huniid West. Conceptually, Ilhardt c.t al. 's definition is parallel to river corridor 
concepts: Smith and 1-Ielman (Figure 3), Foi-man (Figure 4), and Sparks (Figure 5) .  

In Figure 3, Smith and Hellmund's transitional upland fringe is synonymous 
with Fornian's tocslope, hillslope and i~pland. In Figure 4, Sparks' bluff is also 
synonymous with Forman's toeslope, hillslope and uplancl. Note that prairie (mesic 
or hill) or upland forest occurs on any of Forrnan's hill positions. 

Can we itnprove these concepts? Perhaps. Instead of ripasian area, could we use 
rijmrian con-idor? On the other hand, could we simply use Forman's srr-earn corridor 
instead? Forrnnn (1995) also uses the term lake con-idor in rhe same sense, but 
does i t  :ippl!/. i i i  n Ianguase sense, ecju;llly well to seasonal pond corridot-; wetl;~nd 
cor-riclor-? 

'There is ri WOSCI embedded i n  the Ilhardt et a/ .  definition that ~o~o~r ld  serve in 
all lantiscape settings-ecotone. Iiiparian Ecotone. 'The ecotone concept avoids the 
word area ;iritl zone, and uses the word riparian as an adjective. In addition, 1-ipa1-ian 
ecotones ar-e eqlr:tlly applicable io str.tains, lztkes, cvctlands, rstt~aries, and seasonal 
ponds. 

Riparian ecotone is uncluestionably an  ecological tcr-rn, del-ived from tfle aca- 
demic literature. Ripat-ian ecotone is less likely t o  he conf'usetl with regionally 



transitional 
upland frlnge 

stream 
channel 

/-'i,yicrz, 3. Coniiecrio~v, across ;I stream corridor. Modified <I-oin Smith arid t-fcllmrrrtd (Ui~iv. of 
Mini~esot:~ Pi-ess. 1'193) for  geomorpliic coiisiste~icy. 

different ~ttearlings of riparian area. Meanings fostered by regiorlal offices of vari- 
ous agencies, entbedded in diffel-ent professions (e.g., I-anchirtg and forestry) o r  
sintple differertces in colloclt~ial use. Ripasian ecotolte is a corollary with stream 
corridor, lake corridor, or greenway usetl in the Iiun~ar~ dimensions discipline. 

Ecotone and ecosystem are two concepts we ought to touch on. Ecosystem has 
that trouhlesorne character-istic of being applicable at all scales: single cell, Earth, 
trniverse and [nost everything in between. That pretty muclr covers i t .  Wliat we 
llceci to r-elnernhrr is that ecotone is a gradien~ across ecosystclns (e.g., the PI-airic- 
forest ecotones; the estuary, salt-1.1-csh water ecotone). liipariari is not a11 ecosystem, 
but ;I collection of ecosysreins, art ecotone, ciescribing a three dinlensional space 
we (society) Iiavc given special value to. Pick your O W I ~  SC;I IC  (e.g., see Hunter, 
1090). J Ie l i r~~; l t io~~ is w1lei.t~ ~i~)dt~l-st;liiili~~g 01'a definition is intei-ilalizeci; however, 
cielineatioil Ilas sufkrecl fro111 ;I lack of rigor i n  its al)plicalioi,. 

Ilt~~tldt ri i r l  (2000) of ici t~i  ,I pritci~i,ll hi'? !o , ~ c i c ~ r ~ ~ p i ~ \ h  ilt,l~iit.at~ctn 111 thc ficltf 
(Figu~e b )  I t  IrcIrtlle5 011-{lie giouncl kltouledge 01 the v~'itc.1 hotiy. evtciit of the 
tlootipla~n, icngtii ot hillslope\ ,tcil,lcent to ttie floodplaiir cl~ic l  extend4 the ~ip,irian 
ecotone ,I rn;ttulc tree lerigtli Iand\v'trd ,rt the top ot the Il~ll\lopr 
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Floodplain Not 1dentifiab!e1 Entrenched Rosgen Strearrl Types A, 6, F & B 

Valley slopes 15% ~ i ~ ~ ~ ~ i ; ~ ~  A , ~ ?  .......-..---.......... 

Thc: sireani 
The slope to rts top 
,311~: tie: lr:ngtf~ (lit t t)p 

f*- ' The dlstance upslope is 
a iudgemet~t call of the . . 

Stream obsetver, but at least 
go 100 rt 

Floodplain & Terrace Slopes Poorly entrenched Rosgen Stream Types C, D, DA & E 
Identifiable 

The stream R~~~~~~~ Area 
The floodplain Terrace 
The tenace slopes 
One tree lencrth on top of eac 

Valley Slopes Not Distinct Poorly entrenched Rosgen Stream Types C, D, DA & E 
Very Gentle Valley slopes 

Channels > 10 ft wide 

The stream 10 x channel width 10 x channel width 

10 x bankfull channel widt 
Stream 

Channels < 10 ft wide 

The stream 
Ortc t r e e  lengtti each side Stream 

'Thl\ l\cq \\'I\ Itie,tltt to lielp ttlnbcl \rile I'iyout In I Ip;\r Ian  ,itc.,i\ \b ~thout ,In)! ~ I I O I  

htiowlccige ot itit.,trn c l ~ ~ d  f1oodl>lC~iit geoi~ioiphology Ho\vc\ el, t l l i '  hey i i  'ti t t ~ ~ l l y  
0,1\ed 011 'I p114 \1c~11 relat~on\Ii~p betweer1 tht. v,~lley and \ll-earn t ~ s ~ n g  cntre~i~l~lnent  
I dtio4 deii~lecl by Kosgen ( 1994) f;ntletich~nertt ratios are the width of rile valley at 
the 5 0  to GO y~ tlootl \l,lge colnpared to the batiht~ill bltitli of the \tre,1111 The t'ltlo 



irtciexcs how the strearn and its valley haritlle (lie energy of flowing water, sedi~nctit, 
;1r1(1 debl-is. 

The key in  F'ig~~re h divides streams into those with high or- n-toderate entrench- 
inen! ratios (v- or 11-sfiapeci valleys with steep and high I~iilslopes) and those with 
low elttl-enchment (floodplain valleys). 'The uppei- valley diagram applies to Rosgen 
4rream types A. Ci ,  F, and U ,  and the lower diagrams to Rosgen str-earn types C ,  D. 
D.4, and E. 

The ~ tppa .  diagl-arn i n  Figure 6 appears to recom~nend exteiliting the riparian 
x e a  ;ill the way to the top of the niou~ltain. However, the footnote: 'at least a 
100 h o t  niinirilu~n' was often overlooke,d. 111 fact, text accompanyiiig tlie key left 
delirieatiorl of riparian al-ea extent to the observer that could place tlle I-iparian 
boundary anywhere between 100 feet (30 m )  f ron~ the strean? edge to 100 feet 
1andwu1.d fn~iii  the slope break depericling oil the degree and length of slope and 
whether there were intervening terraces. 

The second diagram applies to streams with an obvious floodplain and terraces 
on either side. These streams meander across the floodplain. The key calls for 
delineating the riparian area as a tree length back from the upper slope break on 
the terrace top. This was rneant to encompass existing or potential areas along the 
valley wall wher-e the channel erodes into the terrace slope and gains large anlounts 
of sediment ancf woody debris. 

The lower two diagi-ams are for channels where terrace slopes are not obvious. 
Half of the meander way gives a default ripal-ian area width if Hoodplain and terrace 
features are not obvious. The meandel- way (the width between outside bends as 
a river caul-ses through the valley) is measused in plan view. An average ineandei- 
way ratio (n~eancier way width:hankfull channel tvidth) is about 20 (Kosgen, 1996). 
Iialf of this ( I 0  times the channel width on each side) estiniatcs a default ~.iparian 
width. 

FOI- small strearns the 'mature tree' width (no~ninally as 100 ft or 30 m) sets 
the riparian width even if narrow floodplains exists and small terraces are close 
to the channel. The mature tree length derives f ron~ summaries of riparian studies 
relating functions (shade, leaf litter; b i d  habitat. invertebrate canopy space, etc.) to 
slrea~nside fbl-ests. Str-ong frrnctional sipasinn relationships occurred within 30 1x1 of 
tlie channel (Richards 1996). I-loweve~; the 'mature tr-ee length' is a lousy analogy 
for national application. We al-e sure folks in the Pacific Northwest will opt for 300 
feet, some of L I ~  will demand at least 125 feet, and still nthel-s a1-e happy with 75 
feet. It's ;I hopeless annlogy and one riot neeclcci. 

Vii-tu;illy every ~siplir-i~in width strtdy has ignored the stseatn's t'looclplain, opting 
instead to use dista~lce fsorn tlie stseam as a n  independent v;~riable. Unlike [jack 
and Gootilett's ( 1960) concept of valley n~lcl strearn, most riparian studies seeill to 
divorce the strcam r'rom its floodplain (01- floodprone area if tlie valley is \'-shaped). 
Important t-ipa-i;tii frtrictions are relared to the entire floodplain (e.g., tloodw;~ter 
I-ecruitrnent of' large woociy debris. predator stalking at the rtppes teri-ace hreak, 
sediment spreading ut~ti deposition) and not distance fr-on1 streamsicie. Frorn 3u 



6-ig~rt-c 7. Stream ;inti valley diagi-ailis at cori-idoi- wictrhs of 300. 1500, arid 3000 feet 

ecologic:\l and geoniorphic perspective. the stream's ~tnmediate valley provides 
the template on wliicli strong C~lrlctlonal reiatlonshrps are iinpo\ed. rathei tli;iil [lie 
stream itself 

How we perceive the application of riparlan delineation c~itelia (Fig. 6) de- 
pends on the scale ot the stieani and valley system Con\idei F i g ~ ~ r c  7 with three 
Aoodplain systems at clitferent scales 

The 300-foot (28 m) wide tipilian ecotone (Fig~lre 7)  111c1~1de\ 211 drea I00 feet 
(30 m) back tiom the top edge of the terrace bec,ia\e tlee, pled'ttor, ‘inti 1;tncicllde 
tunctioiis ea\ilp reach 01 u\e t h ~ \  ~elatively slioit di\t;lrt~c tiom the \tleant 

The I5OO-foot ( I 3 0  In) u ~tlc> 5tiectin co~ir(for 15 ~dt.ilt~i,rl to the 3 0 0  fooi \t rcic 
~ol r ic lo~  except t l~c  \ ~ < t l e  ot ~ ~ I l i > v  drlij  \ i t ~ ~ ~ i ~ i  ( I (  \ < I  N { C ~ ~ I  \ ~ I Y < I I > ~  J I \  5 liine\ 1'11gvi 
Tile tlee\ ( ~ i c  ilic \'111ic L t ~ t t ~ c ~ I  \ I / < ,  (? g , 3 0  111 ~ ~ 1 1 1 )  ' I I I ~  < h ~ \ \ ~ i  ll5tli tltv \ ~ < t l r  1 1 )  

3OO-toot wide coliitio~ tiii~gr,un Tlic iip:ii~;ir~ ~ L O ~ O I I L ,  1111yl1t 1111. I I I ( ~ V  (1 ~ o ~ ~ I ( > I I  oi 
tfic lei[ \ide wheie tlie land\licie (\l\inip) oictils 

The 1000 ftxtt (170 111) n iciv C O I I  1 ~ 1 0 1  ( l ' lg~ l~ t '  ' k > o i i ~ , ~ ~ \ )  I ~ V ~ ) I L L \  < >  \ [ I \ \  I<itgci 
itienni htlt i t  occl115 on oti? \~cie ot the tlootlp1,tin IPvi.11 ~ k I > i > n  tlie 11.cci i \  01-1 oiit. \ ~ d c  
ot the valley dnd a long w'iy fioi11 the opposite tei I ( i c  c, sii ong iloodplCtin turtclioils 
nild landslides del~ver~ng secliiiient suggest ~nclttding (lie tlocttlplalti ,~ncl p;l1 t ot  the 
~iplanct as part of the ~iparian ecotone 



'T'lie keys in Figure 0 211-e applicable to st~-e.ea~i~s i n  all lairdscaj-tes, but tlley ifc-i 

not offer- a rigor sirfficieilt to delineate lines on the grou1-1~1 for a consistent, routine, 
measurement of resources within streatn-associateti riparian ecolo~~es in  any land- 
scape. Iiowever, the minirniin-i distance upslope from the joadplain (100 ft in 
Figure 6) cornbined with the definition ofJloori'pr(jne extent (Rosgen, 1994, Ic)96) 
does offer a consistent, repeatable method to delineate riparian ecotone based on 
geoniorphic principles of stream anct valley development. It uses a piece of the 
valley as the riparian ecotone ternplate rathel- than a piece of the strearn. 

4 2  SIN(; Fl.OODPRONE ARE,\ WIDTH A S  A KASF 

Floodprone area differs ft-orn floodplain area. Floodprone area is baseti on a 
physical stream measurement that yields the elevation of a 50- to 60-year recur- 
rence interval (R.I.) flood. It is determined by simple, direct measurements on 
the ground, but is subject to minor errors, in the same way a direct measuren~ent 
of tree diameter is. Floodprone area width is the standard for ~neas~uing stream 
entrenci~ment. 

Flooclprone elevation. a relatively new term, is obtained by measuring the ver- 
tical distance from the deepest part of a channel (always at tlie mid-riffle position 
where bankfull width is usually minimum) to the bankfill1 elevatio~i (e.g., 0.6 ni). 
Extending this distance above the bankfull elevation (e.g., 1.2 m above the deepest 
part of the cl-iannel) is a consistent, repeatable estimate of the floodprone elevation 
(Rosgen 1994). The width of the valley at this elevation is the floodprone wiclth, and 
i t  is the basis for esiirnating st re an^ entrenchment within its valley (entrenchn~ei~t 
ratio = the floodprone widthhankfull stream wictth). 

Stream width varies with strearn type and with watershed size and climate. 
However, rnaximum stream depth at a riffle indexes for every stream the nlinitniim 
depth required for the stream to carry its bankfiill flow. Average strearn depths at 
the riffle have long been used to measure channel flow (L,eopold, 1994). However, 
the mensu~-etnents arld compi~tations required are tir-iic consuming. For cluick anti 
consistent field measures, and for the classification of natural rivers, rnaxirnuin 
stream depth is particularly useful (Rosgen 1994, 1996). 

For str-earn types with a floodplain (C. D, Da, and 13) the floodprorie area widtli 
can1 be irieusil~-cd on a topctgraphic map or ;iir phort, as (llr rlrcvnder way ot'tht ri::csr. 
I-lowevrr. stl-cam lypcs witllorrt 3 flootlpiair? ( A  C i ,  ii. ~ 1 1 c i  l3) I I ~ V ~  no flo(~~Ipi;t111> 
and the t.levation of land adjacent to the cli;~nnel in;ly ~,xierici higliel- rhan hzil~kfull  
discharge elevation. 'Thus, while floodpronc Ineasurcltients can be used i n  every 
case, inem~cier- \1~7>>.s call app1-oxirnate the floodpro~le ~vid t l~  in orily Ilnlf of tiic 
natur:ii strea~n types. 

We propose using floodprone wiiltl~ and 30 m beyond as the basis for cle1ine;ltitig 
riparian ecotones in strean? valleys (Figure 8 ) .  Obvious slirrnps or lanc-isliifes th:tt 
reach the channel are added (15 rn around the existing slump) to include all strong 
functional areas within the ecotone. Figure 9 illustrates the delineation of riparian 



E'ig~ri-c. 8. Twice the vertical distance from tlie thalweg (deepest pat-t of a cliailnel it~eu~tr~.cd ;I( ;I 

riffle section) lo ttre banki't~ll elevation nrai-ks tire elevatioii o f  the Iloutlpronc area ( n t ~ t ~  Lhe t\vo 
vertical gr-ay Irnes irt the cl~annel in the lower dirtgl-airr). Floodprone Ltrects it]-c outiine~l ant1 sirown as 
n tntrtsparerrt plane above tlrc stream and its floodplain. 113 fiti valleys like ~liese, there is rtot niuch 
difference in  rhe ar-ea covered by a 25-  or 50-ycar Ilood. The tlooilpro~re areas can be vii.tvetl as 
valleys cart-yirig fiooclwatei- evei-y 21  years ot- so. just ;IS chaiincls cnrr-y bairkl'rlll Row:, cvel-y yecti- anti 
a It;ilf 01- so. 

ecotones in tt~iee floodpla~n v;illcys of differing \tale. ,111d Figiile 10 ~ilust~'ite\ tlie 
delineat~on In two v-shaped valleys of difterent xa i e  

Note the delineat~on to1 the 100 f t  (70 111) wide coiridor In Fig 9 tlici tior change 
because the slt~rnp 15 already included In the 100 I t  ( 3 0  in) addition to the flooci- 
p ~ ) r i e  area A recent diaft of a n  Acii~~iticlKlpnirrrri hIlecllceiie\\ Monitoiing Pl,~n 
(Reeves ct ( 1 1 ,  2001) f o ~  (he Northwc\t Fo~c \ t  Plan clocr not expl~citly c'lefrne or de- 
lineate ripari'ln, bur incltldes m,i\5 w'istlng. eiostoii ,tirtl cieL~l\ tjow in their concept 
of ~ ~ l > , t ~ i i \ ~ l l i l o ~ ( l p l ~ ~ i i i  A \ i11111~1 C V O I ~  C O ~ I I ~ I ~ ~ ' ~ ~ I O I I  ( I  11>,i1 i , t t ~ / f l o o ~ i ~ ~ l ~ i t ~ ~ ~  I I I C  lutiilry 
11lei\5 ~\.,i\t111g j ) lOi  e \ \c ' \  1 \  kl\~fi 111 < i l l  ! i I [ ~ ' l ~ l ~ i ' l l i  \ ! I j j ~ i l  l , i l i  t i  0 1  i \ i i iO/ )  ! > I  ;( i r'itllig\ 
t o  1 l l  l l l i i ' l i \  i t  ' I l t 1 1 \ 1  i l ' l l i ' l l l  t o \  1 I c  r I 2000) 

Itlentic,il ~el,itiori\l~ip\ 111 E ~ g t ~ i e  9 cxr\i ioi \ ( i c > , i i l l i  \\ iiilotil 11oo(ipI~i111\ t i ]  \ tcth~) 
\-\lisped \<~lley\  Tlrc tlcl~ne,it~on I \  l,,tscci on 1111. iloocll-tlo~le ,i~c,t iiltllri tl><tn 1111' 

11oodpl:iirr , i~ i .< i  \incc thew \tle,lrn 'rnii I ,tile\/ 1) pixs li,i\ L' L ~ I I I I ~ I  rio i i r \ i i ( i Y t i  01 

drscontin~iou\ Ilooilpi'ur~s ( krgui c 10) 
l h c \ e  llpali,rn ecotorie ciei~rie~~tioni nieet tlte Il11,iidi iJr (11 (dOOOi iicl1111tio11 

and p~ovide ,I ngoloiis. freld dehne~itio~i ,~ppli~,lble i n  ,iny I,inti\c,tpc, oiie tlinl 
encomp,i\\e\ ,111 the plocesses \trongly ~ntluencii~g oi ~riflriciicect h i  thc s t~eam 



Figure 9. Floodprone area and its width 31-e ssurveyed at an elevation tlrat is twice the inaxirnutn bank- 
fill1 channel depth (measured at a straight riffle section of the stream). The width of the floodpl-one 
area plus 100 ft (30 rn) on eithet- side provides a consistent, on-the-ground method to snrvey tlie 
attl-ibutes of I-ipar-ian ecotones in any landscape. Inciucling a 50 f r -  (15 111)-wide bi~ild  round known 
landslides or slumps conrpletes I-iparian ecotone delineation. This recognizes their largc impact o n  
setlimerrt tlux in the channel. 

It represents a fundamental change In vlew, fiorn hlstor~cal applicat~ons of- rrparlan 
alea or Lone, or st~earns~de rnandgernent zone. Note the wtdth ot the lrparlaii 
ccotone rs d~fferent 011 erther c~de  of the stiedrn (Frgures 9 anci 10) 

The rlparlali ecotone 1s derlved horn valley 'ind strealii geomorphology 
In contrast w ~ t h  previous nparran or BMP defin~tions, r t  1s not based on iond 

erosion (the c l a ~ s r c ~ ~ l  Tr~mble dnd Sartr (1957) ' t l ~ p ~ ~ a c h ,  \,~rr;rble by slope) I t  
14 liot der I \  ect irurn \ I ~ e ~ ~ m \ i d c  \hati~ilg (1111. £31 own c 1 irl . 19X01 ,tppi oai ll h,~\ed 
on tize he~gtit\ 1 1  I \  not tieir\eti it0111 .r I I Y C ~ I I L  \oil< , ~ p p i o ' ~ ~ i i  l t  i i  1101 C ~ C I I \ I ' ( I  
tiom a vegetdtlon ,~pprodcIi (l>aII cJt r l l  1998) ~ising uetl,iiiti oi \ve~l,inci i,icult,~tive 
\pecre\ 

In  F ~ g i i ~ r  10, e\pecrally, the n,rrro\v \rde I \  on tlie \tccpe\t ilopel Tire wrcle 
srde is on the le\ser \lope' When rnult~ple cit\c~pl~ne\ ~ r l c i  iitilltipie iii~j)~ict\ dr t f  

v~ewed in total, we \ee a p ~ c t ~ ~ l e  ot rrpaItJn dltteterrt Iiol-t~ ti,rcfilionnl srngie cii\ 
clplrne or single ~i-npact approaches Our ecotone approach may ionfl~ct w~th  borne 
SMZs where the wrdely applied slope gradie~lt dpp~oach ii,~ sedrnierit travel from 
roads is used to set wrdtlis away from the stleain (Ihmble dnd S,tit/, 1957) The 



Figure 10. fi'o steep valleys are shown. one twice the si/t: o l  the other. In both ~liagl-ams, tltc trcrs 
arc actttally the same notninal s i x  (10 m )  and look >inallel. (sct~led) in  tlrc widct- I600 ft (533 111) 
valley than i l l  tlle 800 St-wide valley.  Two vet-tical lilies 111 311d i~hov? ~ I I C  c l ~ a t i ~ i ~ l  dcli1-i~ [lie C I C V ; I I I ( ? I ~  
ol' the flootfprone areti and the 50-ft ( 1  5 111) adtlitiol~ I;)r <lid? altd s l u l l ~ p  area.; (we i7igut-e 8).  

slope rncttiod is a broadl! npplicahle syitein to evduate toad p1,lccrncnt. l>ut not to 
bloadly define rlparian ecotone One mlght percerve [lie fl'itter. wrtier irde In Fig 
14 1s too witle, but that IS where the fish are tiuirr~g tf00~1 

Gebha~dt rt a1 's (1980) words (iiparlan system, see 'Iable I )  ellcornpais tlle 
broacier defin~tron of Iihurdt c7f tri (2000) What we have offelecj in Frgllle5 9 alid 
10 IS  a ngorous held-defined delrneal~on based on 'two trrnei rn,lxrriiuln clianncl 
depth' definrt~ons of floodprorie area and er~trencli~-nent riitros, ~onc.ep(s tli,it drti 
not exist in 1989 In conlbrri~~tron wrth tlie 100 ft (30 111) strong inlltience dl\ 
tance, tl-11s app r~ )~ i~J i  afforcis ,1 rigo~oui rnetliod ot 'ipplyrng clesctiptrve cxncepts 
to dellneatloni o n  tlie gr ounct 

1,earniny to t r n d  llir b,riihl~rll ,111d floocip~oi~i~ clc.~,trrori \ v ~ t l t i i i  ,I I loot ( 3 0  
< i i l  1 ~ ~ ~ ' L ~ l t l O l l  t ) i t l ~ l \ ~ t  I <  IlOi O \ ( ' !  I \  dlkll~ ( ) \ ~ ' i  I ~ L '  l < i \ t  1 \ L'~II \ Jl / ] , I \  ~ ! L Y ' I I  

k'i11gllt to Lit I ~ < l \ t  3 000 t L b \ O L l l < ~ ~  ~ ~ l o f c \ \ l t ~ i l ' ~ ~ \  l i I L I l l C i 1 1 1 ~  t O l L ~ \ t ~ l \  f i i l k ~ l \ /  I ~ l O I O  

gist\, rngrnzc15, It)d~ologi\ti, iolirity ionliliii\ionci\ \oil \ i l i 5 i l c ~ \ r \  I C Y  r~~,i~icirirsi\ 
1311111'111 dt~nt'~lsioti \ ~ i c ' r l t r \ l \  ie\tol~ll~oii \l)e~l'ilr\t\ ~I I IC!  rnC!!1q o i l ~ c ~ \  t ~ i c v  tliv 
L<Cb , l t t ? \  \\LVV" \tiC?,,ili  i \  feel 1 l h  '>ll<I \L\V\\ u~ll~tl~~~i~fll~Lit~~l!~~\ L!13i5 101 O ! ~ ~ ~ O , t ! I , ~ l ~ i ~ ~  

to Ira1 n )  
This colrld eiid our cir\~ui\ictn 01 riparian ccvtolte del111ition ,irieI ciel~ne~ltron, 

but real world test~ng 'tnd :t need to agg~egate 1Ip:trrnn icsoulces ill~rctratr\ why the 
entrie coritinuiirll definition-del~ile;itioii-ieit~tticc estirn'ttlon lreecti tying togetliet 



This syste11-1 of riparian ecotone delineation was tested in  2001 in southern Necv 
York's Catskill Mountains. The streams and valleys looked si~nil:~r to the 1600-foot 
corridor in Figure 10. In Kosgen's st#-earn type classification terminology (Rosgen, 
l99(,), Inany Catskill streams were R channels having small, hard to tlistinguist~, 
floodplains (a meter in width and lengtli) that defined the bankfull elevation. This 
is critical because bankfull elevation is the point to measure up from and determine 
the floodprone area. 

A new: two-person. FHM-Kipat-i;tn field crew was trained in 3 days to identify, 
level-survey, anti sariiple various aspects of the stream and valley rip:u.ian ecotone. 
Norrnal weeklong training for vegetation and soil sarripling in FHM plots (plrase 3) 
was done earlier in the summer Cobble and boulder B channels are perhaps the 
most difficult strearn channels to measure and classify. Though often filled with 
anxiety on their unassistect forays into the world of the riparian ecotone, their 
delineation and nieasuretnent of bankfull elevations were over 90% accurate. 

I>it~-ing testing of FHM and USGS-NWQA riparian resource plot protocols i n  
New York (plant, animal. and physical resources, and riparian vegetation plot pro- 
tocols in Pennsylvania), two troublesome aspects showed themselves i n  need of 
change: the width of the riparian ecotones and vegetation in the channel. 

The first tests utilized the Ilhardt c.t al. (2000) key (Figure 6) to outline extent 
of the riparian ecotone. However the top of the hill or even u flatter part on tile hill 
leads to widths far in excess of 100 St. J~idging the Ratter part of a liiilside leacls to 
much variation. Hence, we recommend using the default 30 n1 (100 St) attached to 
the floodprone area width. We coitlcl have attached it to the strearn, but meandering 
channels (even a little bit) causecl a significant loss of time in plot layout, and 
widely variable outer edges of the attachment as the I-iparian ecotone is estimated 
up and down the valley. More importantly it ignores tlie fact that riparian ecotones 
are valley units not strearn units. 

The trial tested a variety of vegetation plot layouts and two are tliscussed below. 
tiowever, our obvious, original bias toward iipland. FHM pel-spectives of vegetn- 
tlort sampling, led us to ignore vegetation in tile channel. Vegetation in tlie channel 
(e.g., below the hankfull elevation) is an important part of riparian eccjtoueb every- 
~vherc. The t1SDi F&WS Natio~ral M'ultand Iriventor> (NWl:  i l iapjrir~~ pi-c-)toi~-il 
routi~tzly nraps this \zgctatioil as :I p:tI\tsll-ine wtxtlanii. !;igiii~c I i ~illrs(r-ali. r i i i .  
hasic clesigi~ of vegerntion plot layout tested in New Yor.1,. 

t;PA'\ LMAP prog1,lrn ci~v~tic\ tile Ex1 th's \urlace Inlo Idlge /tcx,ryor1~11 pi<){\ w i ~ o \ e  
houndar~es lay over the eaith as the s t~tcl i~ng covers the \~iii: l~e of a ioccer hflll 
with equal-stzed hexagons Each large hexagon IS further citbdivicied illto ~nliillt'i 
hexagons and so 011 The four FIA phase 2 & 3 sirbplots (tot,il~ng I/Otli acre) ale 



Figure 1 I .  Circillas plots laid out in a triangle constitute tlie statidiisd FIA phase 2 and 3 vegetation 
plot arrangement (additional \#ariables ;ire 111east11-ed in pliase 3 plots). Subplots 1-4 total I Ihtli acre 
and anrit~lar plots (dashed circles) are reserved 1-01- s;irrrpling of' items requiring ;I larger footl~r-irtt, suclr 
as very large diameter 11-ces. The four annular plots tot;il I acrr. An a1tc.i-native plot ;li.i-anselncllt with 

~-ecialig~ii,tr plots (30 plcits (30 f t  by 60 R)  also total 116th o C  an acre. ;~houl the rrn:tlles~ plot size : ~ n d  
seplicatioi~ (4) thal will adrcluately sa~nple the riot.tnal range of 11-ee s i ~ e s  and snraller life fornis. T11e 
stsearn rr~enridcl-s Ihro~~gh tlir ~>lots. 

21 subsarriple of thc toui, Ilil--acie, annulnr plot area\ The ,irnount ol resource\ or1 
the subplots trrnes six rs an esttniate ot the aliiouiit of tesokirces 1 x 1  a c ~ e  '1'1131 
value tlmes the acres iep~esenteci In tlie hexagon plot are 311 estlrnate ot the total 
re\otii ce\ 

A iundamcntal and crlttci~l questlon that all ripai lair \iinipltng piog~ ain5 must 
answer 1s what large1 area clocs tlie rlpaiinn plot cluster represent wt1e11 it 15 applied 
iandornly to a po~nt  on a st~e,lrn'? Ftii-the1i1iore, I ~ O W  L;III 'iipl;lrl(i' vegetation below 
the hankfull elevation be h:rntlIetl4? 

Ftgurc 12 ~llu\iiate\ hon the tlp~iltan ~ ~ c t ~ r l g u l a i  plot\ ,lie ,111,tiiged 'I \tle,tiii 
I O ~ < i i l O i l  1>10(4 2 ' l l l ( i  t lI24tll ' I C I L ,  c<lcll) 'ilc [>l<lce(t \4 I l l 1  l I l C l l  e11<1\ 'if t11e 1 7 ' ~ i l I \ ~ l l l i  

c~lgc 01 the \ ~ I C * ' ~ I I I  I j l o ~ ,  5 iixl 0 ( 1 4  I I O \ ~ >  I C I ~ I I  \ ' I I I ~ \  ,\ 1 1 1 1  I ~ , ~ ~ i h t \ i i l  \ ~ I C < I I I I  id~l i )  
L ~ i c  plc~ctd di I ( ) \ \  t i t L >  \il ~ ~ ~ 1 1 1 1  \i ~ I L ~ I ?  \ c > ~ c ~ ~ I ~ I ~ ) I I  V, 11 i1 t t1  the <1(1ti i t t c  plol i \  ill\ C ~ ~ I [ O I  I ~ I  

i t  5 I I I t  I 3 I I I 1 I 1 I I Pior 0 

I \  hctwern b:rrlht~ilI i.ic~\,~troi~i , ~~ i t l  \ c ~ ~ ~ ~ l > I c \  \ i i ~ t ' t C i ~ ~ o l t  I I I  lhe i i i c ~ ~ l i ~ c l  <if < I  b~ l l ( i  
( [ ~ O l l l I  ll'il i ~ ~ ~ ' k k l O i 1  rllc, < I 1  I ' l l i g ~ ~ l l ~ ~ ~ r l ~  oi [>lOl\ 7 < l l l ~ i  (1 , l I lOb~.  \ [ l l ( ,  I c l i 1 9 L ~  01 ,-\[>o\cYl 
\c(i11iit~111 \ t ~ ~ J ~ i c e  ( Q t ~ i c j  J > I ' I I I ~  o ~ ~ L I J ~ ~ ~ ~ I o I ~ )  111 tile L~I:I~IIIC,!  to 11t ~ ' I ~ > ~ L I I C Y I  ' i l ~ t l  < I \ O I C I \  
the h a \  t l i ,~ t  o ccu~ \  11 r t ~ ~ l y  'I itttle ot only '1 pool \rte 1s ic~ml~lcil  In 4iep/pool 
cystelns wltl-tottt s tg~i t f ic ,~~~t  meander\. plot4 5 (tntl 0 cdr-i bc pl,iced ,it tlie i r ~ \ t  naltow 
aricI wtde pl;lcthi on tlie cli;trlrlel 





Figure 13. Exainple of a combined terrestrial arid aquatic subplot siu~lplirig system for ripariait eco-- 
tones. Terrestrial plot,< ( 1  --4) arc: a strhsal-r~ple of the tei-i-cstrial poi-tion of thr entire rip:trian ecotone 
(bold outlinej. Aquatic vegetation plots (5 and 6) are a xub>attrpIe oi'tirl: aquatic: ar-ea jbulif oiitliire in 
light gray). The ten-estrial area is the riparian ecotone ai-ea less the aqn;ttiz area. The I-ipai-iar~ ecotone 
is derived hy adding 30m to the floodprone area of the valley. 

An example of plot Iayoi~t In lelation to r Ipal Ian ecotone rllustlatei the alea edch 
\et of plot" (1 -4, 5 and 0) represents (F~gul e 13) 

F~eld mea\ulerilent of the entlre ripai Ian ecotone e\tabl~she\ its length and width 
(a sirnplc, clew-deie~mrned average widtli applied dill~ng the v,~lley c ~ o s s  sec- 
tlon iliea\u~ement) Slnirlarly. \tleam ~nea\tlieillent\ esl'ibl~sli the lengrlt (t11,llweg 
length) and u ldth (bankfull w~ctth) ot the <iyu,~ttc portion of the i~par ],in ecotone 
The d~fference 1s the teriest~inl portion of tile i ip~~rian ccotonc Ille acltl,~t~i plot 
rnny inclucic \ i ~ ~ ~ t l l  trrbutatre\ (oi cl~\t~tht~t,tiic.~) 11  tlirq < I J L ~  Ic\\ 111411 2 0 ' ~  ni ~ h c  
ITt i l l i l  c hdIlili.1 \4 111t11 Wtli.iv I,ligcl ~l1hlitrll lei, )i i l l !  t ! l i '  I lp'iil,\ll t , ~ i l O l t i  [ l i  ) i  l i  

i n o ~ r d  'iho\ i i l l i  I O I I I ~ I I ~ I I C L '  i o  tll'it < i l l  j ~ ~ i  / \  1 ) I  illc I I L I I I I  c I ~ , I I I I I ,  i ~ , ~ i ) t i ~ \ i ~ , i l  [ ! t i '  

s'ii~te w'ite~ \lie~l '11 C'I oi c ~ > ~ i t i  ~ l ~ i i t ~ o i ~  
The t e ~  ic.\ti r , ~ l  vcget,ttioit \tibplot ILiyo~rt 111 I*rg(lr 1 3 cipplie\ io , 1 1 1  \ ( I  c , i i ~ ~  sr/e\ 

Wl~ere tlc)ocipl~~~in\ 'XIY ve11 lCiigc,, L I I ~ L I I ' I ~  PIA P.2  pic^ ~ I u s t ~ l  s v 1 1 1  cil\o t < 1 1 1  0 1 1  

the ffootl1)I,t11l If t I i ~ \  is cocii.tl '1s ilooclpi,~iil till1 111g \'tnll)iir~g ,iilti I. t i t \ \  I rleiriti ecl 
to d ril~dl~:iii ecotone of the \ t i  e'in1 olcle~, llic.\e \egetaltoir , ~ n i i  ioii ci,ii,i i ,in 
be averaged w~tli  the iectangular tei~cht~inl plot data The subplot lnte~l\ity will In -  

crease: however. the area they I epr cent I \  deililed n\ the r Ipal Ian ecotonc l)otirtda~ y 



RlpananEcotone Rrea (acrn m enl~re hexaym 

Large streams = 1600 ' (1011 6)'iSZEO}f435MI- 4 
Med streams = 1350 (3W1 4)'(5280)y43560 = 9 
Small dream = 1250' it0011 21(5280)V43560 = 2 525 a 

Total = 3 888 acres 
Rspanan Ecotone Terrestrial Area 
3 888 531 = 3 357 acres 

Hexagon Area = 15,000 100% 
Non R~parfan Area = 11.112 74% 
Rfparfan Terresti = 3.357 22% 
RiparfanAquatrc = 531 4% 

F'igitrc. 14. Diagrani and calculations for aggregating plot level data to a hypothetical 15,000-acre 
licxagoil strrface on the earth. FIA P2 plots ( n  = 40) are the clusters of 4 plots. Each subplot 
irtcluding its annual larger portion For trees is I;~cre. The blowup ii~ctor. for the entil-e hexagon is 
278 (1 1.1 12/40). For the FIA P2 plots sampling resources outside of the ripariarr ecotone only the 
lion-ripi~rian area within the 15,000-acre hexagon is used (15,oOC--3.888 = I 1.112). Tlrc six I-i~ar-ian 
ecotone plots (totaling 3,888 acres) :Ire variable in widrlr and length drpe~lding on stream and valley 
s i ~ e  ;tnd encompass 1 .  5, and 33 ttcr-es. For the entil-c hexagon, they I-cpresent 454, 909. :lnd 2,525 
acres, thus their blowup factors are 6.3 1 (2525/4), 182 (90915). 2nd 14 (454f33). ~.espcclively. Note, 
plot sizes and stream widths 21-e exaggerated relative to the hexagon. 

in Ftgure 13 (\ee also F~gure 14 for rlparlan ecotone area wtth~n large rnecl~u~n and 
srnall streams) 

In an EMAP approach to sampling. the al-ea ot the nparlan ecotone represents 
a plece of all the stream mtle\ w~thiri a part~crila~ tlexagonal plot The locat~on of 
a riparian plot IS tier~ved frorn tlydrography layet\ (GIs layels of' all tile blue lines 
o n  1 24,000 tol>ograph~c iiiap(s) covering the hexagonal plot) In conccyt (and rn 
,i co~npt~tc'i fr l i . )  ,111 the \ t i  ram\ <tie itrr-i topctlrel (wrrh i t ~ c ~ r i  ~>o\rfion I t~r~it~ilrhi~retl) 
L i i ? ~ i  d t ' l l l~ i01 l l  lItll11i3<~i ~ O L  CItV\ '1 p0111i 011 (lie L O ~ ~ C ~ ~ ~ > ~ ~ ! ~ I I  \ l l , ~ I ~  , i!  c <ill1 !lillil !llc> 

I~ex,~gor~,il plot I r ,  tllrs \ysrc~i,~, I I ~ L ~ J  1~111 I C O ~ O I I C  \ I i ~ ~ ~ p l ~  ~i ie ,~ ,  < t i c '  iie! ~ L C C I  lioi11 
stieam lengtli A\  \ucll. atec> 1niu\1 be coi~ectet-l to1 siniio\~ty l o  ieiliiet 'i iipnn,ln 
ecotone ~ u e a  ,I\ ,i sample of the vnllcy iatliet tlian the ctleanl 

l'tlc slnuoslty ell o~ as\ociatecl \v1t11 the l lyd~og~~ipl ly ILlycxi i ,tri i>c. i ot te~tei i  ('ii 
suming thc \ t ~ e ~ t r i ~  rnrle\ 111 <I hexagonal plot aic taken I~orri ,t hyil~oglaphy layel 
basecl on maps of the same scale) Con-ectrng for- sinuostty elloi reyrlrres two jleps. 
one f o ~  the area of the aquatic- portion of the itparian ecotone ancl one tor the total 
jl,r~nrrarl etotonc area 'The same correct~on factor 1s used tor zach lin the fii.;t 



l I l \ t ' l i l ~ ~ ~  ( < ~ ~ ] L I < I ~ I L  1301 i l011)  i t  I \  <l  rll~iltl~)llcl 111 tlrc \ C ~ O l l < t  ~ i l \ i < t l l ~ ~ ~  (tO('11 r I[>'$! i< i l l  

ccotonc) 11 I \  .I dl\ 1\01 

iZ \rrnple caw for t l~e irnt!o\rty ~orreclron i,tctctr rllu\l~,ttc\ r t  ilr~~v,iirort ,111ci 

' i l ~p l r c~~ t~o~r  Srliuo\rtj 15 i h,inricl lengtlr drvrtletl by \ t r  itrglit lrrle \ Ltllcj leliptl~ 1-1 tic 
\rnuosrry I \  frcld-i~le,~suied In eilcll r ipm~in ecotone 1-lyclrogrnpliq 5rntio\lt) 15 the 
\arlle nbeasurement tdhen Irom the CilS layel (01 fiom a mdp) It  the rrr,ip or GIC 
layer has a slnuosrty of 1 l ;ind true unuocrty is I 8 the correction factor I \  1 811 1 
= 1 6 

Ass~rme the srre,jrn srntrosrty coricctron tactoi I \  1 6 The re\ource attrrbutes tor 
the trqurltr~ poriron of the total I rpar ran emtone area are corrected by rnultrplyrng 
(lie acitmtrc dre,i ( I~yd r~g r~ iph  I'lper Iengtli titlie\ urctth) hy I 6 In other fiord\, tlie 
true nquntrc 'plot' I \  leiilly I h Irnltx, longer tllnn tlre rridp (oi (;IS) C I C I I V ~ C ~  \t~e'uii 
length Conversely, for the entire npczrliin ctotorzc nrc7iz, resource attrrbute\ rnu41 
be dlvrded by the slnuostty correctton factor (see caiculatrons in Frgt~re 14) 

The true aquntzc area (bnnklilll stlearn channel) of the rlpallari ecotones 1s 
531 acres (see calculatro~is rs F~girre 14) The true terrcstrinl area of the I-rpanan 
ecotones 15 3,357 acres or 22%) of tlie entrre 15,000-acre hexagon sample regron 
Wlthour the slnuoslty corlectlon f,~ctor (\vergIiteil by strealn s ~ e )  tht. e\lllnilte ot 
icrrestrral area In the ripanan ecotones woirld be 5,010 ;tcles oi 34% ot tlie cntrrc 
liexagorl - a 55% overest~rn~~tel 

'The totally random assrgnmenl ot FIA P2 plots in the larlclscnpe needs iethrnh- 
ing ~f hydro-layer \tream length\ and 4trearn order strat~fy rrparlan ecotones Even 
though sample locatron on hydro-layers IS randoln, rneasutlng rrparran ecotones on 
the g~ound,  111 effect, st~atihes the entile hex plot The s~gnrficance of (he sinuosrt} 
er r or reyulrej lethrnk sampling procedules and datd 'iggregatron hetole we repor f 

ilpfi la11 tesource amounts 

8. Summary and 1)iscrrssion 

I3y changing only two wolds In the IltlL~rdt cr 01 (2000) ctefin~tiori \be 11,ive a defiii 
rtron that fully dexr  ~ b e s  a pl~ysrc~il vdlley remplnte that tlr r\/e\ I rpn1 Ian r esource 
I e\lx)ri\e 

When tled to an on-the-glonncf dellneatron cnter ra 11 g:i,tlns co~t\rticl,~ble I  got 

applrcable in any valley r r i  any cl~rilalc 



Combined with random ~~p land  resource sampling plots, ant1 ranciomly locatecl I-i-  
pal-ian ecotones in a data base stratified by streall1 order, the definition, delineatiori, 
and a mechanism for sinuosity en-or corsection we have a . . . 

ltnkeri ~ t l q i i ~ 1 7 ~ ( ~  of d~fifilllt[oi~, ~ ~ J I I I I C N I I O I I ,  LZIICI dt~tcr ( lggi(:yi l troi~ rhrtr 
czccrlmtelj~ cz, t r w  rrpcrrrcr~l cr-otonu tclorivcca or1 the guoctnrl 

The system ir~cludes the measurement of' 'uplarrct' vegetation in the acj~taric 
portion of the riparian ecotones; similar to the US F& WS air photo  napping of ri- 
parian polygons, but avoids the wetter; wet, dry vegetation base relating to wctlancl, 
riparian, arid upland respectively. Although these vegetation plots in the strean? are 
subject to errors engendered by the growing season progression of plants, they 
do provide plant diversity information essential to a fill1 evaluation of siparian 
ecotones. 

The proposed method might be abbreviated by substituting tloodplain for flood- 
prone. In niany cases there is little difference. However, in just as rilany other 
cases (the v-shaped valleys) the field crew is left in limbo using a warm and fuzzy 
clefinition of floodplain to actually find edges on the ground that don't exist. 111 
a procedural context, for the sanity of field crews. and because sorne federal and 
state agencies have adopted the Aoodprone-entret~clin~ent ratio method of stream 
classification, the floodprone approach is a universal standard applied by field 
measurement resulting in less error across the entire landscape. 

Our reconlrnendations derive from an integration of valley aild stl-ea~n geornor- 
phology with the functional ecology of a variety of ecosysterns within the siparia11 
ecotone. It is a functionally consistent integration (both abiotic and biotic) of' ri- 
parian definition, delineation, and accurate riparian resource aggregation. Riparian 
is a concept tied to the stream's valley I-ather tlian the strearn. 
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